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Institute of Fluid Science　　　　　　　　
Director　Shigeru  Obayashi
New era “Reiwa” has begun. The institute of High-Speed Mechanics, the predecessor of the Institute of Fluid 
Science, was founded in 1943. Under the leadership of Professor Fukusaburo Numachi, its first director, who has 
led the study of fluid dynamics and cavitation in Japan, the institute was engaged in development of jet engines 
and energy conversion equipment, and fundamental research of fluids, becoming a global leader in these areas. 
After reorganization under the leadership of Professor Shinichi Kamiyama in 1989 it was renamed as the Institute 
of Fluid Science, and since then it has become a unique laboratory engaged in all things that flow.
Fluid science is a research field that seeks to clarify all flow related phenomena - not only the flow of material 
substance, but also flows of heat, energy, information and so on. Even though it treats gas, liquid and solid flows 
as a continuum from a macroscopic viewpoint, it also takes a microscopic viewpoint when dealing with the flow 
of molecules, atoms and charged particles.
The mission of the Institute of Fluid Science (IFS) is to conduct fluid science research in fundamental scientific 
and engineering disciplines to promote the protection of the global environment and to maintain the continued 
progress of human society. It also aims to contribute to the systematization of fluid science, improving the safety 
and welfare of citizens and stimulating the economy. To this end, IFS is aggressively pursuing research activities 
to solve various issues from the viewpoint of flow phenomena and to meet the demands of society. Examples of 
these research activities are as follows: creation of advanced technology for better utilization of energy sources, 
control of substances causing global warming, advancement of environmental adaptation of transonic and super-
sonic transports, development of a new generation of medical treatments, development of manufacturing pro-
cesses for new devices, and development of high-functionality materials and fluid systems. Dr. Kotaro Honda, the 
founder of the Institute for Material Research and the president of the Tohoku Imperial University, once said that 
the industry is a training hall for the science. Following these words, Professor Fukusaburo Numachi also made 
significant contribution to the collaboration between institute and industry. The Institute of Fluid Science aims to 
be a research institute that constantly creates new winds while preserving such traditional values of the Tohoku 
University as research first, open doors policy and respect for practical science.
Today, the Institute of Fluid Science is a world-class advanced fluid science research center with 32 research 
laboratories under four research divisions and one research center: Creative Flow Research Division, Complex 
Flow Research Division, Nanoscale Flow Research Division, Collaborative Research Division, and Innovative Ener-
gy Research Center. The Creative Flow Research Division conducts researches on creation of novel functions of 
flow. The Complex Flow Research Division conducts researches on clarification of complex flow phenomena. The 
Nanoscale Flow Research Division conducts researches on clarification of Nanoscale Flow phenomena. The Col-
laborative Research Division together with Keihin Corporation continues research and development of products 
with excellent environmental performance in the second phase started in 2018. The Innovative Energy Research 
Center conducts researches on utilization of unused energy by multidisciplinary fluid science. In addition, the 
Lyon Center (Integration Research Center for Materials and Fluid Sciences) has been established at the University 
of Lyon, France, creating a new base for international collaboration as an attached research institute. 
The Institute also has a supercomputer system for computational research. The Advanced Fluid Information 
Research Center is carrying out cutting-edge research such as large-scale flow simulations, multi-objective design 
exploration, measurement-integrated simulation and advanced visualization using the supercomputer system. In 
addition, the Institute established the Advanced Flow Experimental Research Center in 2013, the Global Collab-
orative Research and Education Center in 2015 and Aircraft Computational Science Center in 2017. related to, As 
well as promoting research using large-scale experimental facilities such as the low turbulence wind tunnel and 
the shock wave facilities, we are further expanding the range of activities, such as activating and supporting inter-
national exchanges and conducting project research specializing in aviation.
As a world-class center of the fluid science community, we are conducting activities utilizing its worldwide net-
work, and have hosted an international symposium every year since 2001. We have also been promoting interna-
tional collaborative research projects as the Joint Usage/Research Center in the field of fluid science since 2010, 
not only in the domestic community but also in the international community.
Under VISION 2030, IFS has started the third middle-aim and middle-plan term, aiming to become the world-
wide hub for fluid science. IFS has reorganized its research clusters into three: environment and energy, human 
and material multi-scale mobility, health-welfare-medical care. We will carry out the cluster-led projects through 
Collaborative Research Project.
IFS continues to aggressively conduct international research activity as a core world organization in the interdis-
ciplinary research field, which covers fundamental to applied aspects of fluid science. In addition, we will continue 
making efforts to contribute greatly to the progress of human society through progress in the development of 
scientific techniques, as well as through training researchers and technicians, and educating graduate students. 
We look forward to your support and cooperation.
 October, 2019 
2Tohoku University
Vision2030
















The mission of this institute is to establish new scientific theories, develop practical solutions to various problems faced by 
society, and foster young researchers and engineers who can work at international standards, by promoting world-class level 
basic research in Fluid Science and related inter-disciplinary areas, and its application in priority science and technological 
areas.
1. Promotion of world-class research
   1-1. Carry out basic research in Fluid Science
   1-2. Promote interdisciplinary collaboration with other advanced fields using basic research results
   1-3. Develop technological applications in priority science and technological areas
2. Establish new scientific theories and principles
3. Find solutions to issues facing mankind

























　平成30年　４月１日  リヨン大学との連携研究を目的として「附属リヨンセンター ─材料・流体科学融合拠点─」を発足
The Institute of Fluid Science has upheld "Research First" principle and the tradition of "Practice-Oriented Research and 
Education" at Tohoku University since this institute's inauguration in 1943 as the Institute of High-Speed Mechanics, and has 
pledged commitment to the formation of theories regarding fiow, as well as applications thereof.
Institute of High-Speed Mechanics
　Oct. 5, 1943 Inauguration as the Institute of High-Speed Mechanics at Tohoku Imperial University
　Mar. 25, 1969 Completion of Building No.1
　Apr. 1, 1979 Opening of Air-Flow Measurements Facility, establishment of Low-Turbulence Wind Tunnel  
　Apr. 1, 1988 Retiring of Air-Flow Measurements Facility, opening of Shock Wave Research Center
Institute of Fluid Science 
　May 29, 1989 Organizational change to the Institute of Fluid Science, which consists of twelve research divisions and one attached research center
　Nov. 13, 1990 Completion of Supercomputer Center
　Nov. 10, 1994 Completion of Building No.2
　Apr. 9, 1998 Organizational change of the Institute of Fluid Science into four divisions with sixteen laboratories under 
and one research center, i.e. Shock Wave Research Center
　Sept. 3, 1999 Opening of Advanced Fluid information Research Center for efficient utilization of supercomputer
　Apr. 1, 2000 Establishment of Center Of Excellence(COE) formation program: “The Interdisciplinary Shock Wave Research Center” 
　Apr. 1, 2003 Shock Wave Research Center reorganization leads to inauguration of Transdisciplinary Fluid Integration Research Center
　Sept. 1, 2003 Establishment of 21stcentury COE program: “International COE of Flow Dynamics”
　Jul. 1, 2008 Establishment of Global COE program: “World Center of Education and Research for Trans-Disciplinary Flow Dynamics”
　Apr. 1, 2010 Commencement of Joint Usage/Research Center “Fluid Science Research Center”
　Apr. 1, 2013 Organizational change of the Institute of Fluid Science into three research divisions and one attached 
research center with twenty-seven laboratories
　Apr.１,2013 Establishment of “Advanced Flow Experiment Research Center”
　Apr. 1, 2015 Opening of Fundamental Research of Advanced Vehicle Technology (KEIHIN)
　May 13, 2015 Establishment of “Global Collaborative Research and Education Center”
　Apr. 1, 2017 Opening of Aircraft Computational Science Center for promoting aviation industry in Japan
　Apr. 1, 2018 Opening of attached Lyon Center (LyC) for promoting international joint research with Université de Lyon
時空間における流れの研究を通じて人類社会の永続的発展をめざします。
To promote the steady advancement of human society through the study of flows in time and space.
The Inst i tute of  F luid Science ( IFS)  
adopted VISION 2030 in April,2015. It 
aims at contributing research results and 
their benefits to society as a whole and to 
the industrial world through systematic 
industry-university collaborative research. 
For this purpose, IFS shall redefine the 
present five-cluster missions undertaken 
as  a  unique or ig ina l  f ramework  of  
c r o s s - c u t t i n g  r e s e a r c h  w i t h i n  t h e  
laboratory to the three research clusters 
of "environment and energy," "multiscale 
mobility of humans and materials," and 
"health,  welfare and medical  care."  
Therefore, IFS shall form research project 
teams specializing in prioritized and 
strategic research subjects, and promote 
project research led by the clusters as 
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次世代流動実験研究センター (AFX)
Advanced Flow Experimental Research Center (AFX)
国際研究教育センター (GCORE)
Global Collaborative Research and Education Center (GCORE)
航空機計算科学センター (ACS)
Aircraft Computational Science Center (ACS)
高等研究機構新領域創成部
Division for the Establishment of Frontier Sciences of the 










Complex Flow Research Division
ナノ流動研究部門




Creative Flow Research Division
High Speed Reacting Flow Laboratory
Heat Transfer Control Laboratory
Advanced Fluid Machinery Systems Laboratory
Complex Shock Wave Laboratory
Computational Fluid Physics Laboratory
Non-Equilibrium Molecular Gas Flow Laboratory
Molecular Heat Transfer Laboratory
Quantum Nanoscale Flow Systems Laboratory
Biological Nanoscale Reactive Flow Laboratory
Molecular Composite Flow Laboratory
Nanoscale Flow Application Laboratory
Green Nanotechnology Laboratory
Energy Resources Geomechanics Laboratory
Energy Dynamics Laboratory
System Energy Maintenance Laboratory
Multiphase Flow Energy Laboratory
Energy Science and Technology Laboratory
Advanced Energy Engineering Laboratory
Novel Battery Nanoscale Flow Concurrent Laboratory
流 動 シ ス テ ム 評 価 研 究 分 野
流 動 ダ イ ナ ミ ク ス 研 究 分 野
Mechanical Systems Evaluation Laboratory
Flow Dynamics Laboratory
High Speed Flow Laboratory
Library (Research Supporting Section)
Workshop







共同研究部門（先端車輌基盤技術研究（ケーヒン）Ⅱ） Fundamental Research of Advanced Vehicle Technology（KEIHIN）Ⅱ
マルチフィジックスデザイン研究分野 Multi-Physics Design Laboratory
教職員数・経費及び建物
Staffs･BudgetandBuilding















































※ Numbers in parenthesis represent the number of females, and are included in the totals




















※ Numbers in parenthesis represent the number of females, and are included in the totals




























































Scientificresearch 140 131 105 160 133 188
受託研究費
Contractresearch 203 308 261 329 375 374
共同研究費
Jointresearch 105 144 143 132 179 143
受託事業費
SponsoredProjectFund − − − − 24 7
預り補助金
OtherGrants 528 210 55 17 9 7
寄附金
Donations 12 12 14 14 11 11
合　計










The Institute of Fluid Science (IFS) consists of four research divisions and two attached research centers : 
Creative Flow Research Division, Complex Flow Research Division, Nanoscale Flow Research Division, Col-





















The Creative Flow Research Division was established 
to create and to apply novel functions in flows in fluid 
systems. The development of fluid science and the cre-
ation of innovative engineering are pursued through 
elucidation of flows and creation of novel functions in 
electromagnetic fluids, living body flows, and flows in 
aerospace conditions.
■　Creation of novel flow functions using an electromagnetic field
■　Development of next-generation intelligent fluid control devices and systems
■　Development of advanced medical devices based on measurement-integrated simulation
■　Clarification of flow dynamics in a living body
■　Innovation, safety, and manufacturing of aerospace systems
■　Creation of innovative thermal and fluids control systems for next generation spacecraft
■　Harmonic design of energy systems with nature

















The Nanoscale Flow Research Division was established to 
advance basic science and to explore new R&D areas related to 
nano/microscale thermal and fluid phenomena and thermo-
physical properties. Creation of novel medical technologies and 
development of innovative nanoscale thermal and fluid devices 
are pursued through the progress and deepening of science, as 
well as investigation of mass–momentum–energy transfer mech-
anisms on scales of electrons–molecules and new discoveries of 
nanoscale flow characteristics in living bodies and nano-devices.
■　Physical and transport phenomena in non-equilibrium gas flow and their applications
■　Nanoscale flow and interfacial phenomena governing macroscopic thermal and fluid properties
■　Physical mechanism of the quantum effect of fluid molecules on flow dynamics
■　Reactions, thermal flow dynamics of plasma flow and their application for medical engineering
■　 Transport phenomena in large-scale composite systems governed 
by molecular physics and their applications

















The Complex Flow Research Division was established to 
explore and to apply complex flow phenomena related to 
various physical and chemical processes that constitute the 
foundation of fluid science. Development of fluid science and 
the creation of innovative technologies are pursued through 
investigation of combustion reaction flows, heat and mass 
transfers in complex systems, cavitation, shock waves and 
universal principles of heat and material flow phenomena, as 
well as construction of mathematical models.
■　Combustion phenomena in aerospace propulsion systems and energy apparatuses
■　Nano-to mega-scale heat and mass transfer in complicated systems
■　Complex flow accompanied by cavitation and advanced fluid machinery systems
■　Study on elucidation of complex propagation phenomena in gas-liquid-solid three-phase and its interdisciplinary application















第一期（2015 年 4 月～ 2018 年 3 月）
に続き、第二期として、車輌の電動化
として期待される基盤技術の研究を、















The Lyon Center (LyC) was established to promote 
international joint research activities which the IFS fac-
ulty members and graduate students staying at Univer-
sité de Lyon (INSA Lyon, École Centrale de Lyon) carry 
out. Especially, we explore interdisciplinary science 
based on materials science and fluid science to answer 
current social challenges in the fields of transportation, 
energy and engineering for health. 
The Collaborative Research Division conducts fun-
damental research of advanced vehicle technology in 
collaboration with Keihin Corp.
Following the first phase (April 2015 - March 2018), 
research on basic technologies expected for electric 
vehicles has started as the second phase from April 1, 
2018. The research is related mostly to enhancement 
and application of the simulation technology based on 
computational fluid dynamics and experimental verifi-
cation. Basing on research of the next-generation tech-
nology, we aim to create new value directly connected 
to development of appealing products with excellent 
environmental performance.
■　Intelligent sensing and evaluation of mechanical systems 
■　Spatiotemporal multiscale clarification of flow dynamics 
■　 Research on thermal management and thermal control for electric 
vehicles, electric motorization technology for motor efficiency im-
provement
■　 Research on high heat flux cooling systems for electric vehicles
■　 Research on visualization and accurate prediction of thermal flow 



















The objective of this center is to realize a highly ef-
ficient, economical, and innovative energy utilization 
system through research and development related 
to conversion of unrealized energy, which has been 
achieved heretofore only slightly using conventional 
technologies, by the adaptation of improved storage, 
transportation, and maintenance of energy in basic en-
ergy and new energy fields based on fluid science.
■　Innovative green nanodevices based on intelligent nanoprocesses
■　 Deep subsurface systems for the resolution of environmental and 
energy issues
■　 Combustion with higher exergy efficiency based on new concept 
combustion technology
■　 Optimization of maintenance activities using advanced sensing 
and material evaluation 
■　 Innovative multi-phase flow technology and realization of sustain-
able energy systems
■　 Science and technology, and energy policy to contribute to the 
solution of energy problems
■　Advanced energy related technologies
■　 Theoretical design of innovative batteries based on the analysis 






















The Tohoku University Institute of Fluid Science has unique and world-class facilities. The experimental results 
obtained from such facilities have extended the frontier of fluid dynamics and have also applied industrial appli-
cations. The Advanced Flow Experimental Research center has been established in April, 2013 for research and 
development and operating management of the two large facilities, the low-turbulence wind tunnel and shock 
wave facilities.
The Advance Flow Experimental Research center will contribute all velocity ranges from breeze (5m/s) to an 
atmospheric entry (6km/s) to the development of fluid science and strengthening the International Competitive-



















The Low Turbulence Wind Tunnel facility consists of three wind tunnels named the low-turbulence wind tun-
nel, small low-turbulence wind tunnel, and low noise wind tunnel. The main wind tunnel, low-turbulence wind 
tunnel is a closed return type wind tunnel that was constructed to contribute to fundamental fluid physics and 
applied physics in 1975. It is designed to satisfy the low turbulence intensity, low noise, and high velocity unifor-
mity. The closed test section is an octagonal cross section, which width of the opposite side is 1m and a maximum 
free stream velocity is 70m/s. On the other hand, the open test section is an octagonal cross section, which width 
of the opposite side is 0.8m and maximum free stream velocity is 80m/s. The turbulent intensity of both test sec-
tions is low enough to investigate the fundamental research, especially the turbulent intensity of the closed test 
section, lower than 0.02% of the free stream velocity, is extremely low in the world. It has been contributed to the 

































The Shock Wave Research facility consists of a ballistic range and a large shock tube. The ballistic range is the 
apparatus which can launch the projectile at a wide speed range from subsonic speed, 200m/s, to hypersonic 
speed, 6km/s, established in 2002. It is a huge apparatus which consists of a launch section, an accelerating tube 
and a test chamber. Its total length is about 19 m. Three types of operating mode, single-stage light gas gun, sin-
gle-stage powder gun, two-stage light gas gun, allowed such a wide range of the flying speed. The high-speed 
optical visualization such as free flight of the projectile or high velocity impact of the projectile to a solid material 
is allowed by three pairs of large windows built on the test chamber. 
A high-speed free flight experiment in stationary gas, a high-speed water entry experiment, a high velocity 
impact experiment to a solid material are possible and, using this device, can perform aerospace, materials devel-

















A unique model support system, 1-m Magnetic Suspension and Balance System (1-m MSBS), has been 
equipped at the Low Turbulence Wind Tunnel. The 1-m MSBS can support a wind tunnel model in flow magneti-
cally and simultaneously measure the aerodynamic force acting on the model. The 1-m MSBS is the largest system 
















The Advanced Fluid Information Research Center is managed under the leadership of the Director, with 
the Research and Development Division to operate the integrated supercomputing system for supercom-
putating, interface with experiments and advanced visualization. In addition, there are the Selection and 
Review Committee for project research, and the Planning and Public Relations Committee to manage the 
international symposia and the fluid science database.  All of these organizational components work coop-
eratively together. The Steering Committee continuously promotes the activity of the center and the Exter-





2018 年 8 月に稼働を開始した現在の「次世代融合研究システム (AFI-NITY)」は、スーパーコンピューティ
ングを行う計算サーバー群、計算結果の画像解析のための 3 次元可視化サーバー、実験装置を接続して計算
シミュレーションと実験解析をリンクする計測融合研 究のための次世代融合インタフェースサーバーを中
核として、PB クラスの容量をもつストレージシステム ( 磁気ディスク装置 ) を有し、3 次元可視化出力装置を
備えたリアライゼーションワークスペース (RWS) や周辺機器を備えています。
計算サーバー群は、分散メモリ型並列計算システムとして FUJITSU、共有メモリ型並列計 算システムとし
て vSMP による、理論演算性能合計 3.7PFLOPS・主記憶容量合計 192TB( 最 大共有メモリ 16TB) の計算機能を
提供します。サーバー群と利用者をつなぐネットワークは 40Gbit Ethernet をバックボーンとして整備され、
研究所内において高速なデータ交換や画像処理を含むクライアント作業を可能にしています。
The “Integrated Supercomputation System,” which currently consists of the distributed memory type 
parallel computing system, the shared memory vSMP parallel computing system, the Three-dimensional 
Visualization System for visualization of computation results, and the Measurement Integration Interface 
Server to link the supercomputer and experimental measurement system, started operation in November 
2005 and was updated in May 2011, May 2014, and August 2018. The data storage system (magnetic disk), 
which has petabyte class capacity, is connected to the servers using a storage area network (SAN). The Real-
ization Workspace and peripherals with stereo visualization devices are also involved in the system. For the 
supercomputing servers, Fujitsu servers based on Primergy are used as the distributed memory type parallel 
computing system and the shared memory vSMP parallel computing system, providing a total peak per-
formance of 3.7 PFLOPS and total memory of 192 TB (maximum shared memory 16 TB). The network which 
connects the servers and users has a 40 Gbit Ethernet as the backbone, and facilitates clients’ work, includ-








We are developing a numerical framework of multi-physics-coupled analysis based on the high-fidelity 
flow simulation technique for modern hardwares (GPU / MIC).
In particular, our research targets ”Fluid-structure coupling simulation for designing composite airfoils”, 
“Computational technologies for high-fidelity unsteady turbulent simulation”, and “Active morphing flaps to 









In this research project, to keep and increase international competitiveness of our aircraft industry, we de-
velop CAE technologies that realize low cost aircraft design and weight reduction using new materials and 
that enable multi-objective design optimization at a higher level with seamlessly coupled aerodynamic and 





























Since its founding, Tohoku University’s policy has been to put “Research First”, maintain an “Open Door” 
policy, and focus on “Practical Branches of Learning.” As a result, our research results have been of great 
practical benefit to society. Moreover, the university has vigorously promoted university-industry tech-
nology transfer, and works actively with related agencies to support industry-university cooperation. The 
Institute of Fluid Science（IFS) has set up an Industry-University Liaison Office to promote industry-related 








Optimization of Mitsubishi 









Evaluation of Nuclear Power Plant Piping
フレキシブル渦電流アレイマルチコイルプローブ
Flexible array multi coil eddy current probe
国際共同研究 PINC (Program for the Inspection of Nickel-alloy 
Components) におけるラウンドロビン試験
Round Robin Test in the frame work of an international research program PINC 
(Program for the Inspection of Nickel-alloy Components) 
小型ガス遮断器内冷却特性の実時間仮想実験
Real-time computational simulation on thermofluid





















太陽光 Solar Light 
量子ドット太陽電池




Quantum Dot Layer A
量子ドット層 B 
Quantum Dot Layer B  
電極　Electrode 
DBD and pulsed arc plasma torches for combustion
enhancement in an internal engine
パルスアークプラズマトーチ












As a member of the community, we make our research efforts available to a wide spectrum of the general 
public from elementary school students to adults. And also, we contribute to society by solving various prob-
lems through the world-class  fluid science researches , which are necessary  to recovery from the earthquake.
みやぎ県民大学
流れに関する授業
を 毎 年 50 人 程 の 一
般市民を対象に、４
回 の 異 な っ た 授 業
を行っています。
Open Lecture for Citizens of Mi-
yagi Prefecture
Ever year, four different classes about fluids 









Young Astronauts Club (Sendai branch)
The members of the branch provide education of space 
technology and natural science for the children. The chil-
dren made a handmade robot arm and star chart with the 







Research Facilities Open House 
(Katahira Festival)
As one of the research facilities in the Katahira 
area, we always participate in the open campus, 
which is targeted at members of the general public. 
ペットボトル出前授業
小・ 中 学 校 へ 出
向 い て の 授 業 を
行っています。これ
は ペ ッ ト ボ ト ル ロ
ケットを作って飛ばしてみる授業です。
PET bottle rocket school for kids
We go to elementary and middle schools 
and give lessons to the children, in which they 







・Core technology consortium for advanced energy devices
we intend to support the reconstruction of the Tohoku area and renewal of Japan and to contribute to the founding of energy 
technology nation through realization of state-of-the-art battery fundamental technology (solar cell, secondary battery, fuel bat-
tery) and its energy optimization integrated system by business (vertical integration type firms)-academia collaboration open in-
novation based on nano-structure interface control technology, which Tohoku University has been accumulating for many years.
【短期的貢献　Short-term contribution 】
１．原発の緊急対応策の提案
Thermal analysis and control plan of the acci dent of Fukushima daiichi nuclear power plant
２．電子絵灯籠耐風試験の開発協力
Development cooperation of a windproof examination of an electronic picture lantern
３．原発事故を分かり易く描いた「小説 FUKUSHIMA」の出版
Publishing “FUKUSHIMA, a Novel” for understanding the accident of Fukushima-Daiichi Nuclear Power Plant
【中長期的貢献　Medium- and long-term contribution 】
１．福島原発の現状分析と事故の中長期的対応策の提案
The proposal of the present data analysis of Fukushima nuclear power plant, and the mid-and long-term measures of an accident
２．代替エネルギー源の開発
Development of alternative power sources
３．緊急時対応医療技術の開発
Development of the medical technology corresponding to an emergency
４．地震発生メカニズムの解明
The elucidation of an earthquake occurrence mechanism
５．防災技術の開発
Development of disaster prevention technology
６．エネルギー使用合理化の学理と研究開発
The scientific principle of rationalization of energy use, and research and development
７．高機能マイクロバブルおよび放電気泡ジェットによる水処理技術の開発
Development of water processing technique with highly efficient microbubble and an electric discharge air-bubbles jet
８．がれき混入型津波に関するスーパーコンピュテーション







The team won the Japan International Bird-
man Rally for the 5th time of sum total
Every year, we get good marks in this com-
petition, held at Lake Biwa in Shiga Prefecture, 
in which students design, build and fly plane.
サイエンスデイ
地 域 の 子 供 た ち






We participated in Science Day which is the 
science education event for children, and we 
provided children a lecture of hovercraft to 
experience science of fluid.
14Tohoku University
研究クラスターのミッション
Missions of Research Clusters






　The Institute of Fluid Science (IFS) adopted VISION 2030 in April,2015. It aims at contributing 
research results and their benefits to society as a whole and to the industrial world through 
systematic industry-university collaborative research. For this purpose, IFS shall redefine the 
present five-cluster missions undertaken as a unique original framework of cross-cutting research 
within the laboratory to the three research clusters of "environment and energy," "multiscale 
mobility of humans and materials," and "health, welfare and medical care." Therefore, IFS shall 
form research project teams specializing in priorit ized and strategic research subjects,  and 
promote project research led by the clusters as joint research solicited from within the laboratory.
人・物質マルチスケールモビリティ










Realizing systems by designing transport of heat, momentum, mass, and humans on scales from nanodevices to 
aerospace
　The “Multiscale mobility of humans and materials” research cluster designs and realizes useful transport 
phenomena by controlling the motion of matter, such as fluid flows and molecular migration, and transport 
phenomena of heat and momenta in matter. In-depth understanding of fluid sciences cover all scales related to 
technology and life using advanced techniques of computational simulation and experimental measurement, 
taking full advantage of our supercomputer and large-scale experimental facilities supporting our research and 
development. The cluster is working on creating novel devices and media that use the following: anomalous flow 
characteristics appearing at various scales; development of advanced industrial processes by nanofabrication and 
surface modification; high-performance and highly functional flow machinery as industrial infrastructure; and 
homegrown technology for leading-edge space and aeronautical systems.
健康・福祉・医療








Realizing a healthy and comfortable society through prediction and autonomous systems of flows
　To realize a healthy, safe, and comfortable society under circumstances of a rapidly declining birthrate, an aging 
society, and a changing social environment, we strive to develop advanced technologies for health, welfare and 
medical care. Through elucidation of transport phenomena in organisms and interactions among organisms and 
physical stimuli, we create diagnostic, predictive, and measurement methods, as well as autonomous systems of 
flows related to human beings. Based on results of these studies, we establish new technologies to predict and 
protect living environments and health. Moreover, we examine the recovery and addition of functions to the 
human body, and living body sham environments. We also research prevention, treatment, and diagnosis, 
prediction of apoplexy, poor heart conditions, and cancer.
環境・エネルギー









Creating new energy systems and innovative technology to protect the global environment
　Energy problem in our country, where more than 90% of all energy is imported, was in persistent development 
and acquisition of energy resources. However, the Paris Agreement at COP21, which is expected to guide global 
efforts for global warming suppression, presents reduction of greenhouse gas emissions as an urgent issue. Novel 
approaches of finding new energy sources with low environmental impact, reconsideration of energy sources to 
be imported, enhancement of renewable energy resources, and progress in energy conservation technology, 
anticipating value-chains of energy resources to maintain industrial activities and high standards of human life, 
are fundamentally important. The environment and energy cluster promotes a wide range of activities from 
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Creating new energy systems and innovative technology to protect the global environment
　Energy problem in our country, where more than 90% of all energy is imported, was in persistent development 
and acquisition of energy resources. However, the Paris Agreement at COP21, which is expected to guide global 
efforts for global warming suppression, presents reduction of greenhouse gas emissions as an urgent issue. Novel 
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Originalarticles*1（English） 242 261 261 245 188
オリジナル論文（英語以外）
Originalarticles（others） 48 26 14 2 6
国際会議での発表*2
Presentationsatinternationalconferences*2 290 271 303 323 349
国内会議での発表
PresentationsatJapaneseconferences 307 281 316 281 273
合計




*1 Original articles include papers published in peer-reviewed journals or other journals of equivalent quality, peer-reviewed articles, short notes, or rapid 
communications published in proceedings, as well as invited articles and review articles. Non-peer-reviewed proceedings, articles, summaries of oral 
presentations and abstracts are excluded. 















Individualcollaborativeresearch 68 83 59 62 58
公募共同研究
IFScollaborativeresearchproject 38 42 30 39 41
リーダーシップ共同研究
Discretionarycollaborativeresearchproject — — 13 7 6
合計















Researchcollaborationswithprivateindustry*1 70 59 50 57 48
受託研究*2
Fundedresearch*2 61 51 41 43 32
寄附金*3
Donations*3 10 13 15 13 13
個別共同研究*4
Individualcollaborativeresearch*4 127 133 141 140 135
公募共同研究
IFScollaborativeresearchproject 66 65 49 43 47
リーダーシップ共同研究
Discretionarycollaborativeresearchproject — — 15 24 21
合計





*1 Research performed in collaboration with researchers from private organizations (collaborative research), or conducted using funds provided by private 
organizations, in accordance with the guidelines of Tohoku University governing the management of joint research. 
*2 Research performed under contract with other government agencies or private businesses, in accordance with the guidelines of Tohoku University 
governing the management of joint research. 
*3 Grants received in accordance with Tohoku University guidelines governing the acceptance of donated funds. 
*4 Joint research projects not covered in items 1-3 above, involving the receipt of research funds or use of outside researchers, or resulting in publication of 

















































Prizes for Science and Technology
(ResearchCategory),2014
多目的設計探査とその応用に関する研究







Prizes for Science and Technology
(ResearchCategory),2015
マイクロ燃焼の科学と熱技術および燃焼反応動力学の研究


























Prizes for Science and Technology
(ResearchCategory),2017
極限環境条件における燃焼現象解明の研究
















Prizes for Science and Technology
(ResearchCategory),2019
生体組織モデル開発と医療機器の評価への応用に関する研究































































































As a center of fluid science research, the Institute of Fluid Science promotes international cooperative 
efforts. We are contributing to scientific advancements through the utilization of our international net-
work, including liaison offices and other international foundations, and by actively participating in research 
exchange and collaborative research with major research organizations both in-and outside  the country. 
Furthermore, we implement the “Open-Door” policy of Tohoku University and cultivate researchers and 
engineers that can exhibit international leadership by sending our faculty and students abroad, and actively 














（１） Strengthen international multi-networks by effective use of overseas academic liaison offices and de-
velop international association networks for flow dynamics with IFS as the core.  Implement interna-
tionally recognized first-class research and foster world-class students and young researchers at home 
and overseas using these networks.
（２） Accelerate educational, research and human exchanges by making the most effective use of the uni-
versity/institute level of academic agreements to introduce researchers at IFS into the world arena.
（３） Enhance the international activities of IFS by further developing the support system of international 
academic exchanges.
（４） Strive to acquire sustainable funds to be budgeted for the establishment of a research center with the 
highest of standards in the field of flow dynamics.  Effectively conduct international projects financed 






























[ イタリア Italy] ローマ大学「ラ・サピエンツァ」 Universita Degli Studi Di Roma “La Sapienza”, ナポリ大学 University of NA-
PLES FEDERICO Ⅱ , ミラノ工科大学 Politecnico di Milano [ ロシア Russia] ロシア科学アカデミーシベリア支部 Siberian Branch of 
Russian Academy of Sciences, モスクワ国立大学 Moscow State University, ノボシビルスク国立大学 Novosibirsk State University, 
極東連邦大学 Far Eastern Federal University [ オーストラリア Australia] シド二一大学 The University of Sydney, ニューサウス
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Ecole Centrale de Lille, Ecole Centrale de Nantes, Ecole Centrale Marseille (EGIM), 国立応用科学院リヨン校 (INSA-Lyon) Institute 
National des Sciences Appliquees de Lyon, リヨン大学 Université de Lyon [ シンガポール Singapore] シンガポール国立大学 Na-
tional University of Singapore [ スウェーデン Sweden] スウェーデン王立工科大学 KTH Royal lnstitute of Technology [ 韓国 Ko-
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Since April 2010, the Institute of Fluid Science has been acknowledged as the Joint Usage/Research 
Center, by the Japanese Ministry of Education, Culture, Sports, Science and Technology. In 2017, IFS was ap-
proved as the Center “Fluid Science Global Research and Education Hub”. We have implemented a collab-
orative research project, in which our staff works with researchers from other organizations. We also com-
municate research results to society through the holding of the Collaborative Research Forum as part of the 
International Symposium hosted by IFS, as well as by the publication of activity reports.
第 15 回流動ダイナミクスに関する国際会議（ICFD2018）は、28 カ国 727 名の研究者及び学生が参加し、11
月 7 日から 9 日にかけて、仙台国際センターで開催されました。
Fifteenth International Conference on Flow Dynamics (ICFD2018) was held on November 7 – 9, 2018 at Sen-
dai International Center. The number of participations was 727 which were from 28 countries.
流体科学国際研究教育拠点
FluidScienceGlobalResearchandEducationHub







International Conference on Flow Dynamics (ICFD) is held in Sendai in annual series since 2004. The ICFD 
is now recognized by world researchers as one of the biggest and most important international conferences 
in the field of Flow Dynamics.
The objectives of this conference are to explore new horizons in science by discussing and exchanging 
information related to the most advanced scientific fields in Flow Dynamics. This conference, which is very 
unique, is composed of plenary lectures and disciplinary organized sessions including “IFS Collaborative Re-
search Forum”, “Liaison Office Session” and “Student Session” which is organized by students.
The ICFD organizes an International Scientific Committee (ISC) by researchers from around the world dis-














The Institute of Fluid Science (IFS) promotes collaborative research be-
tween researchers of institutes both within and outside the country and 
those of IFS on research topics related to f luid science in Environment 
and energy, Multiscale mobility of humans and materials, Health, welfare 
and medical care, and other fundamental fields utilizing research facilities 
such as the Low-Turbulence Wind Tunnel Facility, Shock Wave Research 
Facilities, and Integrated Supercomputation System. Every year IFS holds 
the Collaborative Research Forum in the International Symposium on Ad-
vanced Fluid Information (AFl), which it also hosts, in order to present the 
results of collaborative research and exchange between researchers. 
2018 年 4 月に東北大学流体科学研究
所は、リヨンセンターをリヨン大学の
INSA-Lyon（国立応用科学院リヨン校）














The Lyon Center was established in Université de Lyon in April 2018 by Tohoku University’s Institute 
of Fluid Science. At this center, fluid science researchers from the IFS and other Japanese institutions will 
conduct collaborative research projects with materials science researchers mainly from Université de Lyon. 
Through these collaborative research activities, we will also educate young researchers and students. 
The IFS is pioneering a new type of problem-solving academic program, a combination of different ac-
ademic fields with fluid science as its base, and is addressing social problems related to energy, next-gen-
eration transport systems and medical engineering. To encourage further progress and developments we 
established its base at Université de Lyon, a center for Europe’s materials science research and academia-in-
dustry cooperation. From 
here we wi l l  operate an 
international research unit, 
do collaborative research 
utilizing the strengths of 








流体科学研究所は約 70 名の学部学生と約 160 名の大学院生が所属しています。流体科学研究所の多くの
教員が大学院工学研究科機械系の協力講座として大学院教育・学部教育を行っています。また、情報科学研
究科、環境科学研究科、医工学研究科にも協力講座として大学院教育を行っています。
About 70 undergraduates and 160 graduate students belong to the Institute of Fluid Science (IFS). Many 
of our Faculty members teach both graduate and undergraduate students through cooperative courses 
with the Graduate School of Mechanical Engineering . We also provide graduate level education through 












Institute of Fluid Science, which is an international re-
search and education center in the field of fluid science, 
is actively involved in the training of talented young 
people who can play an active role internationally in the 
field of fluid science. To this end, master degree students 
are given the chance and encouraged to participate in 
international conferences in order build up their record 





















米国 The Boeing Company の Grant を受け、学生主
体の様々なプロジェクトを実施しており、2018-19 年
度は研究プロジェクト 2 件とものづくりプロジェクト
4 件を支援しています。また、毎年 Boeing Externship 
Program としてインターネット経由で Boeing 社の技
術者から英語で授業を受け、世界の将来を担うべき優
れた科学者・エンジニアの育成を目指しています。
With a grant from The Boeing Company, U.S.A., various student-led projects are carried out. In 2018-2019, 
we support two research projects and four development projects. Moreover, students receive classes in En-
glish from technicians of The Boeing Company over the Internet, through the Boeing Externship Program 









As a base of an international research education, the Institute of Fluid Science has promoted the develop-
ment of human resources by training young people to play an active role in the world. Approximately 100 
leading young researchers and students from 30 countries around the world participate in the International 
Space University’s original educational program, SSP, which has the same educational concept in line with 
the purpose of this research institute to develop young human resources.  The Institute of Fluid Science has 






The university has scientific exchange agreements with other universities and such agreements between 
departments.  Detailed rules of student exchanges have been concluded, which include the waiver of tui-











































エネルギー動態研究分野 丸田　薫 中村　寿 森井雄飛

























































EnergyDynamicsLaboratory KaoruMaruta HisashiNakamura YouhiMorii






















The Electromagnetic Functional Flow Dynamics Laboratory conducts research on innovative applications of “ionic liq-
uids”, “plasma flow” and “Magneto-Rheological fluids”, especially focusing on energy and environmental fields and also 
material processing. This laboratory pursues the creation of cutting-edge technology in the targeting fields through the 
understanding of their physico-chemical characteristics associated with the complex fluid structure under electro-magnetic 

















Ionic liquids are unique liquids composed of only anion and cation and show completely 
different characteristics from water or oil. The melting point of ionic liquids is below room 
temperature and they are often referred to as the room temperature molten salt.  Ionic liq-
uids have been applied to electrolyte for batteries, reaction solvent or actuator because of 
their high electrical conductivity and ultra low vapor pressure. In this laboratory, we focus on 
the development of advanced energy devices with ionic liquids such as electro-double layer 
capacitor or colloidal space propulsion.  Furthermore, the advancement of CO2 capture by 







In this study, aiming at energy recovery from excessive wind energy for advanced wind 
turbine, an innovative torque control device was developed utilizing the Lorentz force in-
duced by electro-magnetic interaction in the liquid metal. This device enables to keep the 








Generation process of ultra-fine droplet by ionic liquid electrospray
開発した同軸型エネルギー変換装置と回転数の定値制御および発電特性
The developed co-axial energy conversion device and its con-












めています。CNF は 30-40 本のセルルース分子が水素結合によって束になった幅約 3 nm、長さ 2-3 μ m の高結晶性の超微細繊維であり、軽量およ
び高強度、低熱膨張性などの優れた物理的特性を有しています。本研究室では、CNF から成る高強度セルロース単繊維の創製を目指していますが、
このようなセルロース本来の優れた特性を有するセルロース単繊維を得るためには、セルロース単繊維を構成する CNF の繊維配向を制御し、一方
向に揃えることが不可欠であることが明らかとなっています。本研究では、CNF の配向を制御する方法として、交流電場を利用した CNF 静電流動
配向法を新規に提案し、その基礎特性を光学計測により解明しています。
In recent years, cellulose nanofibrils (CNF) have attracted significant attention as a novel biomass material. The fibrils are produced by liberating 
wood fibers to their nano-scale building blocks and have considerable potential to be applied to composite materials due to their outstanding me-
chanical (high stiffness of the crystalline regions ~ 138 GPa) and thermal properties (low thermal expansion). In order to synthesis a cellulose filament 
with high mechanical properties from CNF, it is essential to enhance the CNF alignment in a cellulose filament. In this research, we propose the inno-






Non-equilibrium plasma often generated by nano second pulsed discharge is widely applied to combustion enhancement or environmental purifi-
cation using chemically reactive species produced through high energy electron impact reactions in plasma. As a fundamental research, we developed 
the numerical modeling of air-methane premixed nano-second pulsed discharge and clarified the radical production process in nano time scale with 
streamer propagation. It has been clearly shown that the ignition delay is improved by nano second pulsed discharge. Furthermore, researches are also 
undergoing on flow control by nano second pulsed discharge with local energy input to the flow. 
セルロース単繊維創製用電場印加型フローチャネルと配向度計測のための光学系
Flow channel with electrostatic fibril alignment for innovative cellulose material fabrication and optical setup for the evaluation of CNF alignment
ナノパルス誘電体バリア放電（DBD）による生成ラジカル濃度場およびプラズマ着火促進効果

























Understanding blood flow phenomena in the living body is crucial in order to realize a healthy society since hemody-
namics is strongly related to development and progression of circulatory diseases. Our laboratory conducts research on 
clarification of disease mechanisms and development of advanced medical devices based on state-of-the-art experiments, 
large-scale supercomputation, and the integrated methodology of measurement-integrated simulation for multi-scale flow 




す。臨床現場で広く用いられている超音波診断装置や MR I 装置による血流の計測データを数値シミュレーションに取り込
んで解析する「計測融合血流解析システム」の開発と臨床応用の研究を行っています。
Acquisition of accurate information on pressure and velocity in blood vessels in vivo is necessary for advanced diagnosis 
and treatment. A measurement-integrated blood flow analysis system is being developed by applying feedback of mea-
surement data of ultrasound imaging or MRI to numerical simulation, and its usability in clinical application is being investi-
gated.
超音波計測融合血流解析システム









Cells response to mechanical stimuli caused by motion and blood flow and chemical stimuli by biochemicals, resulting in 
differentiation, morphogenesis, and maintenance of homeostasis. We develop “3-in-1 organ-on-a-chip” which simultane-
ously controls oxygen tension and mechanical and chemical stimuli to cells, and investigate mechanisms of cell behaviors 




Cancer tissues have different property from normal blood vessels such as an increase of the fluid permeability on the 
blood vessel wall. This property causes the pressure increase around cancer cells, and makes the drug transport inefficient. 
We performed the flow analysis considering the leakage from the blood vessel to clarify the effect of the property of the 
cancer tissue on the pressure increase.
3-in-1 生体模擬チップを用いた細胞挙動観察システム
3-in-1 organ-on-a-chip and real-time imaging system for observation of cell behaviors
流線および圧力の等値線






























The focus of the biomedical flow dynamics laboratory is to develop new concept of implant especially based on flow and 
to establish new methods for evaluating the implants. For example, when you treat a cerebral aneurysm with endovascular 
treatment, you should know the effects of medical devices on controls of blood flow. The fiow may depend on the geom-
etry, materials and clinical conditions. Since these are so big issues, we collaborate with biomaterial groups, biomechanical 
groups, and medical groups to gather their top knowledge. This field is called as a life science, or biomedical engineering. 























Computational Fluid Dynamics (CFD) is a discipline that reproduces the state of a fluid motion inside or around an object 
by computers, elucidates the phenomena, and designs fluid devices. With the progress in computer performance, CFD 
technologies have been evolving in terms of accuracy and usefulness day by day. Aiming at further utilization and develop-
ment of CFD technologies, this laboratory is promoting trans-disciplinary researches, which is motivated by the integration 
of CFD with other science and technologies. We are working on elucidation and control of various unsolved problems re-
lated to nonlinear flow phenomena, fluid information extraction technology for aircraft aerodynamic design, data assimi-




















We have been developing a magnetic suspension and balance system (MSBS), which is capable to support a model in 
the wind tunnel and to control its attitude by the magnetic force. Currently, we are working on improving the measure-
ment techniques to support without noise, to respond quickly, to control and measure the unsteady aerodynamic force 
and to support very low-fineness ratio models. We have successfully compared the experimental results with those ob-



















ing Cube Method (BCM) を用いた大規模非定常数
値計算による空港の空況予測手法の開発なども実
施しています。
Friction drag due to the viscosity of air is con-
siderable when an aircraft operates, which is 
almost half of the total drag. If we delay a lami-
nar-turbulence transition and cover the wing surface with laminar flow, we can reduce the viscous drag effectively. We are 
carrying on huge direct numerical simulations by a supercomputer around an attachment line of a swept wing for the flow 
stability analysis to clarify the three-dimensional transition mechanism in detail to design the superior laminar swept wing. 
In addition, we study jet sound generation mechanism using the extraction of characteristic flow structure, aerodynamic 
design by principal component analysis from hundreds of airfoil characteristics data and wind forecasting for the safe air-











We develop the data-assimilation method that corrects the 
initial value of a numerical simulation model so as to repro-
duce sparse information obtained by experiments and observations, in order to achieve fast and accurate flow simulation. 
Currently, we are working to predict clear air turbulence (CAT) We are developing a technology that enables real-time predic-
tion on the airplane in operation by using the Reduced Order Model (ROM) based on the principal component analysis of the 
fluid field, airflow information obtained from the LIDAR observation in front of the aircraft, and the data assimilation method 

























 A spacecraft is exposed to various thermal-fluid environments from the time of launch to the period in space and return 
to the Earth. Understanding of thermal and aerodynamic characteristics in re-entry to the atmosphere is essential especially 
in the development of the next-generation space transportation systems. In this study, we study the methods to estimate 
the aerodynamic heating by using functional molecule sensors, and study and develop thermal-fluid measurement tech-
nology which can be used to measure extreme environment fields with high temperatures (1000℃ and higher) as well as 
cryogenic temperatures. For the next-generation spacecraft which is to carry out missions over long periods under extreme 
thermal environments, it is essential that they have thermal control systems capable of exhausting heat from the internal 
devices using the limited electricity and weight resources. This laboratory, therefore, tries to address this demand and bring 
about a breakthrough in a realization of next-generation spacecraft missions through our research and development of 













We focus on the aerodynamic heating phe-
nomenon occurring in the hypersonic region 
when a spacecraft enters the atmosphere of a 
planet, and the dynamic instability phenomenon 
related to the entry capsule when it decelerates 
from there to supersonic and transonic speed. 
極超音速飛行体の空力加熱計測




Study of self-oscillation phenomenon of HAYABUSA 














We will research and develop thermal control 
devices utilizing gas-liquid two-phase flow (LHP, 
OHP, Mechanical Pump). Especially since LHP/
OHP has no driving parts, expectations are high 
for installation in deep space spacecraft with 
limited resources as lightweight, space-saving 
non-electric thermal transport devices. Finally, 
we will try to propose an electricity-saving, 
high-efficiency innovative spacecraft thermal 
control system which combines these.





We propose a usage of aircraft (airplane/
rotorcraft) for exploration of the planet Mars. 
Especially our group has been focusing on a 
development of ultra-high-performance airfoils 
in a low Reynolds number flow, flow analysis 
around the wings, and flight dynamics analysis 
(mid-air deployment of wings, etc.). Through 
these researches, we aim to provide a new 
aeronautical exploration system that can be 
used on all planets with an atmosphere in the 
solar system.
宇宙機における熱問題と気液二相流熱制御デバイス
Thermal problem for spacecraft and vapor-liquid 
two-phase thermal control device
火星探査航空機に関する研究










To understand “structures” formed by the Earth and the “flow” in the system, we pursue research on transport phenome-
na in heterogeneous fractured rocks and design of sustainable energy systems for forging mutually beneficial relationship 









Fractures in rocks are very heterogeneous, and it is difficult to obtain same structures even in same core sample. In this 
research, we create various complex fracture networks using a 3D printer and conduct flow experiments using the created 
models. By comparing the flow simulation results based on the same shape file and elucidating the phenomena, we pro-























Nano-/microparticles would provide rock characteristics in underground, which can not be provided by conventional tracer 











Persistent homology, an analysis method of topological data analysis, can infer related features of complex structures that 
are difficult to find by simple pattern matching from complex and large amounts of dataset. Persistent homology is applied to 

































Schematic image of topological features captured 
by persist homology
岩石構造を模擬したマイクロ流路
Micromodel simulating rock structures
マイクロ流路内の粒子の流れの可視化






















Particle size measurement 
by electrical resistivity
パーシステンス図による岩石構造の定量化





















So far, engineering design and development have been primarily carried out based on human knowledge, experience, 
and intuition. Today, however, computers play an important role in assisting the design and manufacture of various engi-
neering machinery, independent of a designer’s skill. Therefore, our laboratory studies fluid analysis techniques integrated 
with mathematical and data-scientific approaches to create optimal, robust, and intelligent fluid machinery and their sys-






We are developing a multi-objective optimization method, in which “evolutionary computation” is used as the core tech-
nology, as an approach to create innovative engineering design, and applying this approach to the design of fluid machin-
ery. This approach is useful for the discovery of new design knowledge, by finding various optimal design candidates and 
extracting characteristic information from the candidates.
進化計算による解探索
Evolutionary computation for solution search
多目的設計最適化の実施例


















Real-world flow phenomena are caused by various “uncertain” physical factors. Numerical analyses used to simulate 
flow phenomena are often simplified without considering such uncertainties, and these results often disagree with the re-
al-world phenomena. Hence, we quantify the behavior of physical quantities against uncertainty in fluid analysis, for accu-





In actual engineering design, it is desirable to reduce the turn-around time needed to obtain a design candidate satisfying 
pre-specified requirements. We, therefore, develop a “surrogate model,” which represents a complex response relating perfor-
mance to the change in the shape of a design candidate through a mathematical form. This model can estimate the perfor-





















































　Recently, ammonia is expected not only as hydrogen energy carrier but as also carbon-free fuel. However, its 
combustion characteristics are not fully understood. In this study, the combustion characteristics of ammonia 
are investigated based on experiments as well as numerical simulations with detailed chemistry. In addition, 
flame stabilization mechanism and turbulent combustion are also studied in order to apply the ammonia 




Reaction flow of ammonia/air premixed flame
旋回流燃焼器に定在したアンモニア火炎
実験と数値計算
Ammonia flame stabilized in a swirl burner





Mixing, combustion and interaction of shock wave in supersonic flow are representative high speed reacting flow, and 
essential study for the development of a scramjet engine . In our laboratory, flame observation using planar laser induced 
fluorescence for OH (OH-PLIF) and numerical simulation are performed in order to investigate the flame structure and 



















Precise and active controls of heat and mass transfer under extreme conditions such as micro/nano scale and micro-
gravity environments are important for future engineering science and technology. This laboratory has been conducting 
research on the fundamentals of micro/nano scale heat and mass transfer controls using advanced optical systems such as 
a laser interferometry and ellipsometry, and applying them to the several engineering systems such as low emission energy 
system, advanced heat transfer enhancement system, measurement system of precursor film thickness, and mass transfer 




Heat Transfer Control Laboratory
Alkanolamine
(liquid phase)
t = 4 st = 0 s t = 8 s
t = 11 st = 10 s t = 12 s
CO2 (gas phase)
気液界面でのガス吸収
Gas absorption at gas-liquid interface
タンパク質の拡散現象 Diffusion of proteins
位相シフト干渉計 Phase shifting interferometer
位相シフト技術を用いた高精度可視化システム




A precise measurement system of mass transport phenomena in sub-micron scale is developed by using an optical sys-
tem. By applying the phase shifting technique to the conventional interferometer, we precisely visualize transient mass 
diffusion field or gas absorption process at gas-liquid interface. Quantitative evaluation of mass transport phenomena in 







Applying same visualization technique of micro/nano heat and mass transfer phenomena to a construction of the large-
scale interferometer, the convective heat and mass transfer and transition of natural convection from laminar to turbulent 
flow are evaluated. The thermal/concentration boundary layers under forced convective condition are also visualized, and 




Exterior of large-scale interferometer
大型干渉計システムと可視化例
Measurement system of large-scale interferometer and visualization examples
自然対流温度場の可視化
Visualization of temperature field of natural convection
強制対流温度境界層の可視化
Visualization of temperature boundary layers of forced convection
基板状態の違いによる液滴形状の違い
Distinction of the shape of droplet due to substrate
位相シフトエリプソメータ Phase shifting ellipsometer
二次元膜厚分布
2D film thickness distribution
ナノスケール膜厚計測システム






An experimental investigation in the vicinity of boundary area of three phases, solid-liquid-gas interface namely “contact line” 
are important for understanding of the phase change phenomena such as wetting, drying and surface events of heat transfer. 
A visualization system for the measurement of nano-scale thickness distribution of the precursor film is developed. From the 














In this laboratory, complex flow phenomenon associated with high-speed gas-liquid mixture flows, especially about cavi-
tation, is studied by using supercomputing and experiment. Additionally, advancement of fluid machinery systems with the 




Advanced Fluid Machinery Systems Laboratory
インデューサに発生する
翼端もれ渦キャビテーション











In an axial-flow pump which is called inducer in liquid-propellant rocket turbopump, 
undesirable oscillation phenomenon is caused by cavitation. It is called cavitation insta-
bilities; rotating cavitation causes asynchronous axial vibration of the turbopump and 
cavitation surge brings pulsation of working fluid. When the cavitation instabilities occur 
in the inducer, efficiency of the turbopump declines and launch failure of the rocket 
was rarely reported. Especially, super-synchronous rotating cavitation has opposite 
characteristics of propagation direction to the general rotating instabilities in any other 
rotating machinery. The occurrence mechanism has not been clarified, so that, it is very 
interesting phenomenon. In this laboratory, prediction of the oscillation characteristics, 







Time evolution of an aspect of transient cavitation around NACA0015 hydrofoil
せん断流中における単一気泡の沸騰伝熱の数値シミュレーション
Numerical simulation of boiling heat transfer of single bubble in shear flow
高温水中翼形キャビテーション










In cavitation or boiling flow, phase change such as evaporation and 
condensation occurs with heat transfer through liquid-vapor interface. 
Additionally, thermal interaction between two-phase fluid and solid wall 
is affected by material properties and wettability. Understanding complex 
thermal transport in two-phase flow is important to clarify thermodynamic 
effect of cavitation and mechanism of boiling heat transfer. In this labora-
tory, these phenomena are studied by high-temperature and high-pres-
sure water tunnel test and numerical simulation and applications to cryo-
genic pump, cooling of electronic devise, and small freezing device for 






In these days, several cavitation models and the numerical method have been developed and several commercial CFD 
software has been put on a market. But the prediction accuracy is not so high, for example, time averaged lift of a single foil 
is unable even to predict in transient cavitation condition in higher angle of attack condition. Therefore, the advancement 
of prediction accuracy of cavitation is a remaining problem in the research field of CFD, and also in this laboratory, the cavi-





















Shock wave phenomena associated with various research field such as aerospace engineering, material engineering, 
medical and biomedical engineering, and geophysics, is significant problem. The complex shock wave laboratory investi-
gates complex propagation phenomena of shock wave in gas-liquid-solid three-phase for understanding a fundamental 




Complex Shock Wave Laboratory
音響インピーダンスを考慮した生体模擬材料中の衝撃波伝播挙動






Shock wave propagation in water similar to material for forming tissue of living and expansion wave phenomena are an 
important area of research for shock wave medical and biomedical application. We focus on acoustic impedance value, 
obtained for the product of the density and sound speed in substance, investigates to shock wave propagation and inter-
action phenomena in simulated biological model in consideration of acoustic impedance for understanding of shock wave 
tissue damage mechanism. We aim establishment of human body tissue protection method from shock wave by using the 
obtained knowledge about shock wave propagation phenomena such as local elevation of pressure and negative-pressure 





Supersonic free-flight of capsule model in CO2 gas
水粒子干渉による衝撃波圧力の低減
Shock wave pressure reduction by shock wave interaction with water mist
様々な形状模型の高速射出技術開発（超音速自由飛行するリング模型）
Development of new supersonic model launching method 






We investigate experimentally aerodynamic properties for supersonic free-flight model, its generated shock wave and 
flow fields regarding development of the silent supersonic transport and Mars entry capsule by using ballistic range. And 
we focus on a development of supersonic launching method for various complex shaped models and their quantitative 




We aim establishment of shock wave pressure active control method by using shock wave attenuation phenomena due to 
shock wave interaction and diffraction, and shock wave enhancement phenomena due to shock wave reflection and focusing. 
These achievements are expected to mitigate serious effects caused by shock wave to artificial construction and human body, 



















Computational Fluid Physics Laboratory
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Penalization 法による数値シミュレーション
Numerical Simulation by Penalization Method
渦の曲率不安定性の理論と渦の不安定化現象
























In rarefied gas flows and processing plasmas for semiconductor manufacturing and microscale gas flows in the neigh-
borhood of MEMS/NEMS, mean free path of molecules is comparable with characteristic lengths of gas flows. Such flows 
are in strong nonequilibrium due to lack of intermolecular collisions and cannot be considered as a continuum. Therefore, 
they have to be treated in view of atoms, molecules, ions and electrons. Due to the development of recent microfabrication 
technology the industrial importance of molecular gas flow has increased year by year. We study the physical phenomena 





そのための基礎研究を行なっています。この研究はシンガポールの科学雑誌 Asian Sientist Magazine で特集されました。
The friction coeffiction of a partially polished diamond coating is drastically decreased as sliding speed is increased. But, the mech-
anism had been unknown. Using theoretical analysis, we clarified its mechanism as follows: High gas pressure is induced by the pres-
ence of dimples. Then, it separates two sliding surfaces, and leads to the situation where both surfaces are non-contact. This is the 
reason of low friction. This lubrication system can be applied to any mechanical devices with sliding parts such as bearing system. We 













Numerical simulation of gas flow 
between sliding surfaces
スライダー面の圧力分布と揚力
Pressure distribution and life force








The pore size of porous media used for electrodes of fuel cell is as small as the mean free path of gas molecues. In gas 
flow through such porous media, peculiar phenomena such as velocity slip and Knudsen diffusion appear. Due to those 
phenomena, it is difficult for us to evaluate gas flux because its permeability is affected by them. The objective of the pres-
ent study is to clarify transport phenomena in such porous media from the viewpoint of molecules. So far, we proposed 
and verified a theoretical expression, which gives gas flux and permeability and is applicable to the whole range of Knud-
sen number from continuum flow regime to free molecular flow regime. This result went out to the public via a news re-










In the case where the gas temperature changes 
within a length scale as small as the mean free path 
of gas molecules, an object immersed in such a gas 
is subjected to a force from the surrounding gas. 
On the other hand, the gas is also subjected to its 
reaction force and starts to flow. This force is called 
Knudsen force and cannot be seen in a gas flow in 
usual length scale. Thus, it is a phenomenon peculiar 
to molecular gas flows. The objective of the present 
research is to clarify and understand the Knudsen 







Gas flow induced around a microscale object immersed in
a gas with non-uniform temperature
圧力勾配により多孔質に誘起される気体流れの流線





































Analysis of thermal and fluid phenomena based on the molecular dynamics theory leads to understanding of funda-
mental mechanism of the phenomena, and ultimately, to the design of thermal and fluid phenomena that are needed in 
the cutting-edge area in modern technologies. Also the molecular-scale analysis is effective for thermofluid phenomena in 
extreme conditions in which macroscopic models such as thermophysical properties and the concept of interface are no 
longer valid. In the application field, micro/nanofluidics is now expanding rapidly especially for the field of biotechnology, 
which is based on the micro/nanoscale thermal and fluid engineering supported by the recent progress of the MEMS/
NEMS technologies. Realization of the mechanism of nanoscale thermal and mass transport in living body in biomimetic 
fluid machines is one of the most promising fields in the area of micro/nanofluidics.
The molecular heat transfer laboratory is engaged in the research to analyze micro/nanoscale thermal and fluid phenom-










Fluids, especially liquids, contain various structures of which dynamic 
characteristics governs transport phenomena in liquids, i.e., transport of 
mass, momentum and thermal energy. Analysis of liquid structures and 
their transport characteristics gives a thorough answers for some ques-
tions such as why the liquid have its magnitude of thermophysical prop-
erties and how the molecular structure should be to realize a liquid having 
desired thermophysical properties. Another point of this study is hetero-
geneous structures such as bilayer of lipid molecules organized in water 
(model for cell membranes of living body). Anisotropic transport phenom-
ena that arise in such heterogeneous structures are analyzed as a basic 































Heat and mass transfer at interfaces where solids and liquids contact governs overall characteristics of nano-structured 
systems such as NEMS and porous materials. The phenomena are utilized in nano-fabrication process such as the wet pro-
cess for semiconductor devices. Molecular dynamics simulation analyzes anomalous structures in liquids in the vicinity of 
solid surfaces produced under the influences of solid surfaces and intermolecular energy transfer between solid and liquid 
molecules, which clarifies mechanism of the phenomena. Basic studies to seek molecules and nanostructures which exhibit 
required interface characteristics are also performed.
Thermal fluids, which flow and transport thermal energy in devices, are playing a major role for highly efficient usage of 
thermal energy in sophisticated thermal devices. The aim of this study is to know the structure of molecules for thermal flu-
ids which are optimized for specific conditions and give the best performance. This is accomplished based on the data con-
cerning thermal energy transport in fluids, which are obtained by analyses of mechanical energy transfer due to dynamic 
motions of molecules and functional groups in molecules. Our goal is to establish the design approach of thermal and flow 







IPA (alcohol) molecule in liquid water 



















In the flow phenomena of fluid, it is often seen that the “chemical reaction” which occurs at the atomic/molecular scale 
affects much on the macroscopic “diffusion phenomena” of fluids. Moreover, very light atoms, such as hydrogen, cannot be 
regarded as a mass point and its effect sometimes appears at the phase diagram of this substance. When we analyze the 
mechanism by which the characteristics appears or behaviors of nanoscale flow systems which consists of such substances, 
it is necessary to analyze them by the method in which the “quantum effect” of the substances is considered because the 
conventional molecular dynamics method cannot treat such characteristics accurately. This laboratory treats the system in 
which the quantum effect of such fluid affects on the flow phenomena, and conducts research on clarification of its physi-






Hydrogen molecule has a light mass compared with conventional diatomic molecules such as nitrogen or oxygen, and 
therefore the position of hydrogen molecule cannot be determined by uncertainty principle. Due to the quantum effect of 
hydrogen molecule, the thermodynamic properties of liquid hydrogen is not consistent with the principle of correspond-
ing state. Moreover, flow phenomena with chemical reaction are often seen in industrial situations, such as semiconductor 
fabrication process. In these flow field energy change following chemical reactions affects much on flow phenomena. We 
analyze the mechanism by which the quantum characteristics of molecules affect on the macroscopic flow phenomena of 








Path integral centroid molecular dynamics simulation of liquid 
hydrogen to mimic the uncertainty of position of atoms
55












In water a proton (H+) exists as an oxonium ion (H2O) by connecting with water molecule (H2O). The diffusivity of oxo-
nium ion is 4-5 times larger than that of water molecule by the mechanism which uses a kind of chemical reaction called 
“proton hopping”. Therefore it is necessary to use the methods which can treat the “chemical reaction”, such as dissociation 
and recombination, to analyze proton transport in substances by molecular dynamics method. In this study, we investigate 
the characteristics of “proton hopping” by various quantum calculations and make a model to treat proton hopping in the 
framework of classical molecular dynamics.
半導体製造プロセスには成膜、エッチング、洗浄など、複数のプロセスが存在しますが、中でも成膜プロセスに対しては
ウェーハ上において膜厚誤差± 0.5Å という原子層レベルの制御が求められています。このような最先端の需要を実現可能




In the semiconductor manufacturing process, there are some processes such as thin film formation, etching, cleaning etc. 
Especially in the thin film formation process, The thickness of a film on a waterhave to be controlled with the accuracy of ± 
0.5 Å, which is the order of the layer of atoms. The chemical vapor deposition (CVD) and atomic layer deposition (ALD) are 
widely used as thin film formation methods for realizing such a state-of-the-art demand. However, these thin film formation 
phenomena are a complex combination of diffusion phenomena and reaction phenomena, and it is difficult to understand 
in detail. Therefore, we carry out reactive force field molecular dynamics (ReaxFF MD) simulations and aim at a universal un-






Proton hopping in water by quantum molecular dynamics simulation
CVD 成膜シミュレーション（SiH2 のみ供給）
CVD simulation (Supply only SiH2)
量子化学計算による構造最適化およびエネルギー計算

















As a low-temperature plasma flow at atmospheric pressure is easily capable of generating heat, light, chemical species, 
charged particles, shock wave, etc., recently, a research on a sterilization and a plasma treatment has started using those 
physical features. The biological nanoscale reactive flow laboratory aims at a fundamental study and applications of “plas-
ma medicine”, which is expected to become a next-generation medical technology, through the studies on activation and 
inactivation processes of cells, development of a plasma sterilization method, phenomena of reactive flow dynamics and 











We aim at clarifying the effects on cells by chemical species generated by plasma, and aim for the fundamental study and 
the application. We have now studied about the activation and inactivation mechanism of cell viability by a plasma flow. 
Concretely, we analyze the gene expression responses by using the DNA microarray, and we clarified that the hydrogen 





Fluorescence image of HeLa cells. Before exposure to 
plasma-treated culture medium (Left).
Cell death with necrosis after exposure (Right). 
The scale bar is 20 μ m.
プラズマ照射によりがん細胞が
収縮している様子
Shrinkage of HeLa cells by 
exposure to plasma flow. 
ナノ秒パルス電流によって刺
激されたがん細胞













Toward the application of discharges in liquids in the f ield of plasma 
medicine, we advance the clarification of the inception and the propa-
gation of streamers in the underwater plasma. By observing successive 
propagating photographs of primary streamers on the nanosecond 
time scale that are extremely difficult for visualization, we clarified that 
the primary streamers propagate intermittently, and the continuous 
current component of the discharge appears when the secondary 
streamers propagate at high velocities. 
Also, through the collaborative research with the EPFL in Switzer-
land, we clarified that the hydrogen gas which is non-condensable gas 
is included in bubbles generated by high-temperature plasmas such 
as laser or spark which has been discussed for years. 
新型インフルエンザや院内感染などの感染症対策や新しいプラズマ医療機器の開発のために、プラズマ流中のラジカル
生成輸送機構を実験・数値解析により解明し、滅菌因子や滅菌機構を明らかにします。また、新しい滅菌装置を開発します。
To reduce infection risks of new influenza, nosocomial infection and so on, and to develop next-generation medical 
instruments, we aim at clarifying generation and transportation mechanisms of a plasma flow by experimental and com-
putational analyses and we aim at identifying the central factor of sterilization effect and clarifying sterilization mechanism. 








Propagation of primary streamer in water
キャビテーション気泡の挙動解析





プラズマ照射による大腸菌の形状変化、( 右 ) 照射後














From nanoscale to macroscale, various thermal and fluid phenomena, to which composite molecular-scale physics gets 
engaged, are of critical importance in the wide range of engineering and industrial processes. In particular, an essential 
understanding of these phenomena is indispensable to exploit the limit performance of next-generation semiconductor 
devices by improving thermal dissipation from the device surface or to explore and develop novel polymeric substances by 
optimizing thermal and fluid properties as well as mechanical properties. By using large-scale numerical simulations such as 
the molecular dynamics method, we investigate heat and mass transfer phenomena in the thermal and fluid engineering 
from the microscopic viewpoint. The underlying microscopic mechanisms governing macroscale thermofluid properties 
are examined as well. Integrating numerical analysis methods which can cover multiscale physics, we aim to investigate 
thermal and fluid phenomena having multiscale aspects. Based on this knowledge, industrial applications such as semicon-

















Novel surface modification techniques at the molec-
ular level such as the self-assembled monolayer (SAM) 
have drawn attention as the technique to control the physical and chemical properties on solid surfaces. In particular, the 
bottom-up processes, i.e., surface modification by utilizing the self-assembling of organic molecules or spontaneous struc-
turization in organic thin films, have future possibilities due to their flexibility and adaptability. Structure formation, interface 
affinity, and heat and mass transport characteristics of organic molecular films have a critical importance in the engineering 
















At the fluid and soft matter interfaces or inside the confined liquid in nanoscale structures, peculiar heat and mass trans-
fer characteristics emerge as a consequence of heterogeneous structure formation inside a liquid in the vicinity of the 
interfaces. These phenomena are directly relevant to the wide field of nano- and bioengineering, e.g., molecular transport 
through mesoporous materials and biomolecules. This study elucidates that the molecular transport in confined liquids is 
significantly different from that in the homogenous bulk liquids and that the molecular diffusion is highly affected by the 
hydrodynamic effect induced by the molecule itself. Our goal is an essential understanding of heterogeneous structure and 
corresponding transport phenomena at the molecular level and building physical models which can bridge macroscopic 













As for development of polymeric materials which have extensively been utilized in industry, designing thermofluid prop-
erties as well as mechanical and chemical properties by controlling the molecular-scale structure and phase separation 
structure inside the material is being required. For example, it is a critical issue to predict the variation in mechanical and 
thermal properties of polymeric resins having crosslink bonds which is induced by the change of molecular structure when 
exposed to the extreme environment, e.g., ablation materials in space planes. Using integrated numerical analyses covering 
molecular-scale to macroscale phenomena and data-driven informatics techniques, we aim to explore and design polymer-





Molecular structure of amorphous 
polystyrene
Instantaneous structure of water surface
Anomalous diffusivity of liquids in the periodic
rectangular parallelepiped system













The Institute of Fluid Science, Tohoku University, and Keihin Corporation promoted Collaborative research division “Fundamental research of 
advanced vehicle technology (KEIHIN)”  (April 2015 - March 2018) and were able to obtain results. We will promote research on basic technologies 
expected for electric vehicles as the second phase called “Fundamental research of advanced vehicle technology (KEIHIN) Ⅱ ”.
The research conducted by the Collaborative research division is related mostly to enhancement and application of the simulation technology 
based on computational fluid dynamics and experimental verification. By conducting collaborative research with Keihin, the Institute of Fluid Sci-
ence, Tohoku University, aims to create new value directly connected to development of appealing products with excellent environmental perfor-




































In recent years, due to the increasing need to establish the thermal man-
agement systems for high performance and energy-saving electric vehicles 
towards low-carbon society, thermal control and reduction of heat loss are 
strongly required. Most of the heat losses affecting thermal control still can-
not be evaluated accurately, and it is difficult to use material potential to its 
limit for high performance motor. By utilizing knowledge in the field of elec-
tromagnetic functional thermal flow science and supercomputer resources 
of the Institute of Fluid Science, we clarify the energy loss mechanism in 
rotating magnetic field and establish the characteristic analysis technology 

































The power control unit (PCU) that controls the electric power between motor and battery of electric vehicle contains 
a large number of power conversion elements. The convective heat transfer of conventional air / liquid cooling systems 
is limited, and it is necessary to develop a high heat flux cooling system to further reduce size of the PCU. By utilizing the 
knowledge of heat transfer control engineering of the Institute of Fluid Science, we plan to create heat transfer prediction 
and heat transfer enhancement technology for visualization and realization of high heat flux cooling device to implement a 






Recently, there are demands not only for reducing power consumption of electric vehicles but also for compact and low 
load air conditioning units that satisfy the needs for better passenger’s comfortability and larger vehicle’s interior space in 
a well-balanced manner. Due to these demands, however, the flow path inside the unit is getting more complex, which 
makes it more difficult to mix cold and warm air in a limited space and distribute it to outlets with required air temperature 
and volume. Utilizing the knowledge and experimental know-how about thermo-fluid dynamics provided by the Institute 
of Fluid Science, we plan to clarify the physical mechanism of cold/warm air mixing inside the air conditioning unit, im-
prove accuracy of the thermo-fluid dynamics simulation, and create technology for design optimization of compact and 
low load air conditioning units.
高熱流束冷却システム
High heat flux cooling system
冷風・暖風混合のメカニズム解明と最適化設計














Securing safe and less-expensive energy and efficient utilization of energy are important issues confronting modern 
civilization. To clarify these issues and aiming at founding a Japanese nation based on energy technology, we are promot-
ing studies of innovative green nano-devices. Particularly, we have been developing power generation devices (such as 
quantum dot solar cells, thermoelectric devices), low power consumption devices (such as quantum-dot lasers, Ge tran-
sistors) and nano-energy systems, which are a combination of these elements. For manufacturing of these nano-devices, 
nano-structures should be produced accurately and without defects. The original properties of materials and quantum 
nano-structure should be extracted. This sort of processing is made possible only after intelligent nano-process technolo-
gies such as beam process and bio-template and ultimate top-down etching technology, which are the background of this 











Based on neutral beam technology (invented by Prof. Samukawa), ultra-precise nanofabrication are developed with 
excellent performance of ultra-low damage, including etching, deposition, surface modification, etc.. Our goal is to realize 
“Green Nanotechnology”. Furthermore, we combine bio-technology with our nano-technology to develop new functional 
devices, such as quantum dot solar cell, quantum dot laser, spike neuron device, thermoelectric devices, etc.. Additionally, 













Entirely new process has been established by combining bio-template and neutral beam. Bio-super-molecules are syn-
thesized using DNA information. As a result, the size and structure is completely reproduced in atomic level. Also, by using 
self-assemble ability of bio-super-molecules, regular arrangement is possible with very low cost.  Then, neutral beam etch-
ing can transfer the template pattern to the substrate to obtain size-controllable, uniform, high-density, regularly-arranged 







An innovative top-down method, a fusion of bio-template and damage-free neutral beam etching, is proposed by Prof. 
Samukawa to fabricate highly ordered and dense nano-structure arrays without defects. It has great potential for fabricat-
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We investigate smart methodologies to know and control large scale fluid flow in subsurface at few km deep, and we apply 
the methodologies to solve the problems on earth environment and energy.  Our works are currently focusing on (i) CO2 geo-
logical storage as a means of climate change mitigation, (ii) geothermal energy which is renewable and abundant in Japan, 
and (iii) methane hydrate seated below deep sea floor, which is expected to be a next-generation energy resource to replace 




Energy Resources Geomechanics Laboratory
(a) フラクチャリングを利用した生産方式および (b) 室内実験で明らかになった特異な挙動 (c) 粒状体個別要素法解析








The technique of hydraulic fracturing has been originally developed assuming cohesive rocks. On the other hand, recent 
trends of petroleum industry is directed toward unconventional resources such as heavy oil and methane hydrate in weak-
ly-consolidated to unconsolidated sands. Thus we examine experimentally and theoretically the hydraulic fracturing behav-
ior in unconsolidated sands. Moreover, an original Distinct Element Method (DEM) code corresponding to unconsolidated 
sand was developed, and the flow-coupled DEM simulations for the hydraulic fracturing were performed. By comparing 
experimental and numerical results, the mechanism of the hydraulic fracturing, such as cavity expansion, in the unconsoli-






A newly developed apparatus for measuring 
circumferential distribution of core diameter.
10 マイクロメーター精度で測定したコアの変形（青線）と近似曲線（ピンク）
Circumferential diameter distributions of the core samples in 




Measurement of in-situ rock stress is a critical parameter for the effective production of geothermal or unconventional 
hydrocarbon resources. We propose a new method of diametrical core deformation analysis (DCDA) for evaluating the 
in-situ stress of rocks from an elliptical deformation of boring cores. DCDA is game-changing method since we can directly 




At the various subsurface development associated with fluid injection, we experienced some felt size earthquake which 
possibly caused structural damage. To mitigate this seismic hazard risk of those anthropological earthquakes, we investi-






Apparatus for shear slip experiment at
fluid injection.
微小地震と地殻応力解析から求めた総帥停止後の間隙水圧分布
Pore pressure distribution before and after the shut-in operation. Pore pressure is estimated with an 



























We pursue research and development on effective energy conversion and energy process in combustion and reactive ther-
mal fluid systems with new technology concepts. By basing heat and/or mass regenerations for low-exergy-loss combustion 
as keywords, interdisciplinary researches are conducted with domestic and international collaboration partners in academic 
and industry.
・Micro-, Mild and Microgravity combustions
・Multi-stage oxidation by micro flow reactor with prescribed temperature profile 
・Combustion with surrogate fuels, biomass, and synthetic fuels







Stationary multi-stage oxidation observed by micro flow reactor with controlled temperature profile





Stationary multi-stage oxidations of alternative fuels and biofuels were realized by a micro flow reactor with a controlled 
temperature profile. Effects of reactivity indexes such as octane number and cetane number, composition of fuels and pres-
sure on the multi-stage oxidation can be observed. A high fidelity reaction design is being developed with solid theoretical 












Super lean burn is attracting attention to achieve more than 50% thermal effi-
ciency in automotive gasoline engines. However, in super lean burn conditions, 
a transition from ignition to flame propagation is usually difficult. Therefore, 
NRPD was used as a new ignition system, and we succeeded in the transition 
under the conditions where it is usually difficult. Also, numerical analysis of en-
gine knock is conducted to establish the way to suppress the knock by examin-
ing the conditions under which the knock occurs.
国際宇宙ステーション「きぼう」実験棟での燃焼実験テーマに選定さ
れました。酸素燃焼条件の対向流火炎を極低伸長まで低下させることで
Flame ball の実現条件に近づけ、Flame ball と伝播火炎の限界を統一的に
扱う理論構築・検証を目標としています。
Our proposal on space combustion experiment was selected as a proj-
ect at the “Kibo” Japanese Experimental Module in the International Space 
Station. The objective is to construct the unified combustion limit theory 
of propagating flame and flame ball under the oxygen combustion condi-
















Counterflow flames under microgravity 
environment and International Space
Station & aircraft for microgravity experiment
NRPD を用いた高乱流条件下における火
炎伝播への遷移
Transition to flame propagation under 
intense turbulent condition using NRPD
ノック発生時の温度場
















We have developed Swissroll microcombustor heaters with ±
1 ℃ temperature controllability whereas it is combustion-based. 
Since gaseous hydrocarbon fuels are directly introduced into 
combustors, total thermal efficiencies of the heaters are twice or 
even larger compared with those of conventional electric heaters. 
Besides this, the microcombustor heaters can be operated in any atmospheres because it is sealed. They are advantageous 
of electromagnetic induction free as well. We have also succeeded in developing coin-size combustor. A furnace for food 






















Enhancement of maintenance of huge complex systems as represented by energy plants, and that of transport machinery 
such as automobiles and aircrafts are an issue directly linked to social infrastructure and daily lives of citizens. The structur-
al health monitoring and nondestructive testing on those systems are therefore highly important. Especially, the structural 
materials on that complex system is often used under high temperature or corrosive environment. Development of sensors, 
which are tolerable under those ultimate environments, and of nondestructive testing method using such sensors is required. 
In addition, saving energy technique for lowering loss of energy and for higher efficiency is also required. With the aim of fab-
rication of those sensors, nondestructive testing systems that are available under ultimate environment, and of saving energy 
technique, we research based on the following topics and wish to contribute to social safety and reassurance:
(1) Fabrication of advanced nondestructive evaluation technique and evaluation during lifecycle of structure materials by 
　 utilizing electromagnetic phenomena.










We propose lifecycle evaluation of materials from pre-service to aging degradation during lifecycle. Our activities include nonde-
structive evaluations of matrices for various cast irons, susceptibility to stress corrosion crackings, degradation prior to creep damage, 
reconstruction of defect shape by inverse problem analysis. In addition, we propose EMAT-EC dual probe that combines the advantages 
carried by ultrasonic testing and eddy current testing (ECT), aiming at application to monitoring of flow assisted damages. Furthermore, 









A sensor that possesses good corrosion resistance, heat resistance and abrasion resistance, is required for the structural 
health monitoring under ultimate environment such as high temperature and corrosive condition. By adding metal clusters 
into amorphous carbon film with excellent abrasion resistance and chemical stability, we develop thin-film sensors with 












The compression shearing process is a new technology that enables consolidating of powder materials at temperatures 
ranging from room temperature to about 300 °C. This method can consolidate powder to bulk material at temperatures 
below the melting point without binders or additives that make materials difficult to recycle. It is an innovative technology 
that has the potential to be applied to materials that were difficult to consolidate using conventional powder metallurgy 
methods and a new concept material process. We are actively working on this research on both basics and applications 



























Our laboratory is focusing in the development of innovative multiphase fluid dynamic methods based on the multiscale 
integration of massively parallel supercomputing and advanced measurements, and research related to creation of environ-
mentally conscious energy systems. Furthermore, we promote basic research for the creation of risk management science and 
associated new multiphase flow system directly linked to sustainable energy represented by a high-density hydrogen storage 
technology. Particularly, we are focusing in different field integration research and development such as creation of environ-
mentally conscious type nano-cleaning technology using reactive multiphase fluid that is a thoroughly chemical-free, pure 
water free, dry type semiconductor wafer cleaning system using cryogenic micro-nano-solid high-speed spray flow, and also 
focusing on removal-reusing technology for solar cells and ITO membranes for conducting organic polymer (including indium 
oxide tin). We also performed computational study of multiple bubbles behavior in megasonic field to clarify the mechanism 
of particle removal by megasonic cleaning. Furthermore, aiming to contribute disaster risk science field, fundamental mitiga-
tion effect of mega-floating structures on the water level and hydrodynamic force caused by the offshore tsunami has been 









Focusing on high energy density of hydrogen concentration, based on multi-phase fluid mechanics, fracture mechanics, 
material mechanics and combustion engineering for the development of high density, low volume hydrogen storage and 
transport system, we promote the resilient hydrogen safety management technology by interdisciplinary research. 
高圧タンクき裂伝ぱを伴う水素漏えい現象に関する流体－
構造体連成コンピューティング
Coupled FSI computing of hydrogen leakage phenomenon 
accompany with crack propagation of pressure vessel
極低温ファイン固体粒子噴霧を用いたナノデ
バイスクリーニング









This study can help to optimize the strength of seashore buildings and structures against future tsunami threats, and also 
can help to estimate structural damage that can be caused by large-scale natural disasters like hurricanes, storms and tor-
nados, and help to develop effective mitigation tools and systems.
漂流物混入型津波に関する GPU 融合型スーパーコ
ンピューティング
GPU supercomputing of Flotsam-mixed tsunami 
impinging to land structure
メガソニック場中壁面近傍での気泡挙動の三次元数値計算結果
Three dimensional calculation result of the bubble behavior near wall in a megasonic field
橋脚に衝突する洪水流の流体力予測に関するスーパーコンピューティング
Supercomputing of hydrodynamic behavior of supercritical floodwater im-














Development of clean energy sources, such as solar cell, Lithium ion battery and fuel cell, is rapidly progressed all over 
the world because of recent problems of global-warming and nuclear power plant. It is indispensable to comprehend and 
control the flow of reactants or products in these batteries to improve the efficiency and decrease the cost. However, it is 
impossible to comprehend the flow dynamics of these substances accurately by conventional experiments or simulations 
because the flow field in these batteries consists of aggregations of very fine structure which is of the order of nanometer. 
Our laboratory analyzes the “flow”, or transport phenomenon of reactants or products in the batteries by large scale quan-
tum calculation or classical molecular dynamics method using a supercomputer. Moreover, we aim to make a theoretical 
design of a next-generation battery which is high efficiency and low cost by comprehending the characteristics and gov-




Novel Battery Nanoscale Flow Concurrent Laboratory
固体高分子形燃料電池内部の物質輸送・構造特性の連成解析
CoupledAnalysesofMassTransport–StructureCharacteristicsofPolymerElectrolyteFuelCell
To improve the efficiency of polymer electrolyte fuel cell (PEFC), protons and oxygen molecules as reactant materials 
can reach faster to catalyst surface and water molecules as product material can exhaust faster. Numerical simulations are 
effective methods to analyze the characteristics. However, the characteristic length of the flow fields in PEFC is the order 
of nanometer and therefore conventional computational flow dynamics cannot be applied to the analysis of the flow phe-
nomena. In this study, the relation between structure characteristics and flow characteristics in PEFC are analyzed by mo-





















Solid Oxide Fuel Cell is a high performance fuel cell operated at higher temperature (800 ℃ ～ 1000 ℃ ). This fuel cell 
generates electricity by transferring oxygen ion from cathode to anode through a ceramic material. As the ceramic mate-
rial, composite material of Strontium-doped Samarium Cobaltite (SSC) (Sm1-xSrxCoO3) and Samarium-doped Ceria (SDC) 
(SmxCe1-xO2) is a representative material. In this study transport phenomena of oxygen ion in the ceramic composite ma-
terial is analyzed by molecular simulations. Especially, we analyze the transport resistance of oxygen ion through the grain 
boundary between SSC and SDC. 
固 体 酸 化 物 型 燃 料 電 池 は 高 温





し て、Strontium-doped Samarium 
Cobaltite (SSC) (Sm1-xSrxCoO3) と Sa-












A catalyst layer of polymer electrolyte fuel cell is a very important material to affect the performance. Proton, oxygen and 
water move in the nanoscale structures of the material. The material is made through making a catalyst ink, applying and 
drying processes. However, what parameter determines the structure of a catalyst layer has not yet known at all. In this 
study, we analyze the structure of ionomer in a catalyst ink and the adsorption and deposition process of ionomer on a cat-
alyst surface during the drying process by molecular dynamics or coarse grained molecular dynamics methods. Moreover 
the results are applied to specify the governing factor which determines the structure of catalyst layer. 
乾燥過程における触媒インク内部のアイオノマーの状態
Structure of ionomer in the catalyst ink during the drying process 
SSC（上）と SDC（下）の単位格子
Unit cell of SSC （upper） and SDC （lower）
SSC/SDC 複合材内部の酸素イオン輸送
特性の分子シミュレーション
Molecular simulation of transport phenomena 













In lifecycle management of next-generation transportation systems and energy plants, evaluation of degradation and 
damage of structural materials induced by flow is one of key issues. Our laboratory is conducting research on sensing and 
monitoring that increase reliability and safety of these systems. Our activities include evaluation of degradation and dam-
age in various materials by electromagnetic nondestructive testing, development of high temperature sensors, reliable 





Mechanical Systems Evaluation Laboratory
ロケットエンジンの高信頼化のために、燃焼室の非破壊試験が重要な技術となります。本研究分野では、渦電流探傷法に
よるロケットエンジン燃焼室内筒の亀裂検出に関する研究を行っています。
The residual life estimation based on damage evaluation is very important to ensure the safety of the repeated engine 
operation and the reusable systems. We apply eddy current testing (ECT) to detection and evaluation of cracks in a rocket 


















Nondestructive evaluation of materials degradation such as creep, fatigue, plastic deformation and residual stress can be 
one of effective tools for lifecycle managements of structural components. Our laboratory are developing electromagnetic 
testing methods to evaluate material degradation. In addition, we are investigating the mechanism for electromagnetic 







Our laboratory develops the next generation sensors for high temperature environment. We propose an electromagnetic 
acoustic transducer (EMAT) design using an air-cored solenoid coil as a pulsed electromagnet,  and prototype probe (photo) 
operation is confirmed in the range from room temperature to 700 degrees C.  It can be applied to high-temperature non-con-




























High temperature EMAT Transducer
高温用 EMAT プローブにより評価した音速
Shear wave velocity measured by the present EMAT
r =1












































改良 9Cr-1Mo 鋼のクリープ試験片の EBSD による結晶方位計測（IPF）




Apparent conductivity and permeability estimated by the comparison of experimental and numerical results
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